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eSTRACT 

The detection with EHTS of three types of pollution are discussed in 
his report- , 

1) Industrial waste poured into the sea from a ship- 

2) Co3Tplax pollution in front of industrial ports* 
j) Pollution (in a broad sense) by rivers* 

The difficulty to differentiate between pollutants on the surface of 
he sea and atjuospher ic haze is emphasized. 


b tair.a! 


In the second part of this report, mul tispectral classifications 
:t i 2 a and on coastal lakes by numerical comput a t ion are d iscussed * 


OEIGINAL pa§e 
OP POOR QUAMty 








TABLIi: OF COJJTENTS 


... ' . ■ Page- 

PREFACE- ■ ■ 2’ 

I - INTHODUCTIO>J 5 

li - POLLUTXO^' AT SEa ' ' , 6 

1 * Industrial waste G 

2. Pollution in front of industrial ports 7 


5* - Pollution by rivers 9 

III - hultispectral classipicatioi\ of water 10 

1* Adaptative method * 10 

2 » Principal components analysis 12 . 

3 ^‘■■Comments 1^ . 

# 

IV- CONCLUSION ' 1«.., 






— 


LIST OF FIGURSS 


1 - 
Fig. 2 - 


Fig . 3 - 

F i g . 4 
Fig. 5 
Fig. 6 

Fig- 7' - , 
Fig- 8 - 

Fig, 9 - 

Fig- 10 - 

Fig, 11 - 



Fig. 13 - 



The studied zone. 

ERTS icuage ( 1075 - 9393), band 4, showing an industrial 
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Meteorological, data. 

ERTS image (llS? - 10025). 

Multispectral classifications of water were made on the'', 
northeastern part ox this image. 

Map obtained by multispectral classification ( adaptative 
method) » 

11 different classes of water and swampy terrain are 
indicated . 

Projection plana in the principal components classificatiora- 
method showing 6 different classes of water. . 

Map obtained by . multispectral classification (principal : 4 
components analysis) >• 

6 different classes ox ’vater are indicated. 


Coloured image showing the 6 different classes of 
in the right part of Fig'. 13 „(s 3 a offshore, ..dark' 
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P n S F A c s 

ihe aim of this J.nvtes fc igation vas , to assess tha ability 
Oj. Ei-TS itTJonar}' to detect vaJ'iou.^ij typas of pollution at 
soa in the western • Mediterra.nean . 


Mediterranean is almost ^ _closed sea therefore pollution ' 
as a serious problem. Various industrial activities are being, devaiopet^'/: 
along the coast and some, of them are a real threat to the environment, ■ 
Furthermore, the French Uiviera'is'a very touristic place frequented 1 

by many tourists and, far away towards the west, from the Carnargue j 

o^gion to tha Spanish border., 180 kilometers ox beaches are being . ' \ 

davelopped and. will soon be thronged by 300,000 or 400,000 tourists ^ 
j.roGi all countries of Western Europe. ■' 

Shellfish, mu33els, oysters are bred in the coastal lakes ' ‘I 
and such breeding often suffer from waste coining from industrial plants, 

Important industrial activities are located on the coasi;4i% 
Marseilles ranks second among European ports, coming after . 
but a head of London.' A large part of its activity is with, oil ' 


(^7 million metric tons in 1971). 





■ ^ Four refineries CSheil. .B.P, , C.F.R., Ex^n) are alreadj)^^.. 
installed with a total refinery capacity of 4o million tons par yeartStf 

A'4'00,000 tons steam cracking plant will soon begin oparalV? 
ting along wirn otiier units manuf acturing ethylene oxide, propylane^yt'S®u 
GixC* and vinyl .chxoride {3^0,000; tons per year) • - ■ ■■ . ■; 

The new port of Fos handled 3 , 500 ,000 cubic aeters of 'na^^Sf 
ral gas impprtad from North Africa in 1973, and because of its accWssib^i 
bility to large tankers, this location has been chooses for terairiai of'll 
i.na two longest European pipelines- “ 


' A groht many tankers cross this uart' of tha 

to carry oil from the Middle East or North -\frica to Euro.oe> 


^ -rvh Lf. 


an a an 


ORIGINAL PAGE 
9F POOR QUALHY 



3 - 


In this investigation, 


the _repetitivity of £aX5 coverage 


is essential. '.*o received at most 6 repetitive scenes 
studied zone since ERT5 vas launched. Consequently, v< 
to detect a systc-n’.atic pollution such as pollution by 
trial po r 1 5^^ ’ bu c i t 13 . very cllfi'icult to- -detect accict" 


of part of , the 

- have beet! able 
rivers or Indus- 

- n 1 0-1- • S-pi iX^. 


so fow linages. 


Band is the best suited to detect patches on the sea 
but the. quality of this image is unfortunately often poor oving to 
atmospheric trans.ciiss ion probleziTs. 


It has been observed that a certain acjount of pollution 
occurs systematically in (and in front 01 ) certain ports' (Genoa, Savona, 
Fos, etc.) . It rrsust be pointed out that it is not very easy, on a given 
iiijage, to differentiate between pollutants, (or .sediments) on the 
surface of the sea and atmospheric haze. 

The transport into the sea of sediments by the Var river 
(French Riviera) has always been . observed on ^11 the images received... 
This phenomenon does not happen so regularly with the Rhone River. 

As far as tanker spillage is concerned, two cases can be- 
distinguished. If the tanker is pouring oil. at the time when the photo'--'-.^^ 
is taken, the .patch appears elongated behind the ship. Such an object. . - - 
can be clearly detected if the patch is about 3 OO. n wide .and 2- or 3 kb •- 
long. If the oil had. been poured several hours previously, the patch - 
may be more or less scattered by the vt-ind on the surface of the sea* 

It is then difficult to be sure whether such a patch corresponds io^ an-: 
oil spill or to atmospheric haze. ' ' ' 

lluring this investigation we have been lucky enough to - 
detect a patch of industrial waste 23 km long . and about 200 or 300 n • 
v/ide poured at sea off Corsica by an Italian ship. This spill contains ' '' 
residua of titanium, sulfuric acid and ferrous oxides. 


po-llution a 
main I-.;- 


Thi-s examples proves that satellit-e monitor in-:; of 

sea is possible if the patch is sui f i ionx 1 y large . T: 
is Co obtain a f rM.-'.uar.'t • coverage of the st.udie-.I -.?;one . 
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In order to deterniina vdieit volume oi oil can • be . detocted • 
witli SRTS, v'arious experiments, related to £RTS passes, vers previously 
scheduled' at sea. The program included the pouring of various products 
under three dilferenc ERTS tracks and then the sensing of these oroduct 
vith ERTS and airborne imagery at the same time. Detection with £KTS 
failed because of bad atmospheric transmission. Airborne imagery 
(visible and IR) was satisfactory;’ , 

The second part of this report deals with, mul tispectral. 
classifications obtained from CCT^, at sea and on coastal lak^s- 

This subject was not previously included in the aim of this 
project. However, classification computer programs were v/ritten and 
tested for the MMC 009-04 project and it v/as then found that it would 
be interesting ■ to apply these multispectral classification methods to 
the differentiation of various water qualities in the investigated zone 

These computer programs were just available in April 1974» 


original 

® POOR , 


PAqb IS 
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INTRODUCTION 


In the “first pare oi this report several cases of pollution 
a.t sea are d iscuosecl . . - . . 

ERT5 images frequently shov patches on the sea, but it:is 
often difficult or hazardous to relate them to pollutants*. Therefore 
three aspects of unquestionable pollution will be discussed here. 

Dumping of industrial waste by an Italian ship (ERTS 1075—9393) 
Pollution (in a broad sense) by industrial ports- 
Pollution (in a broad sense) by rivers. 

In the chosen ax'ea (Pig. l) the atmosphere is often clear, 
and we could have expected a good repetitive coverage. Meanwhile we 
received at most 6 images corresponding to part of the studied area* 

The second part of this report deals with multispectral 
classification obtained on coastal lakes and at sea off the Mediterranean ; 
coast of France# The studied area includes the Rhone Delta with the ^ 

swampy Camargue region. Farther towards the SW lie the coastal lakes 
of the Languadoc-Roussiilon region. Shellfish, mussels and oysters 
are bred in these lakes and such breeding grounds . of ten suffer from 
waste coming from industrial plants. ■ - 

From the Camargue region to the Spanish border, l80 kilome- 
ters of beaches are being developed. New shorefront areas appear and 
will soon be thronged by 300,000 or 400,000 toiirists from all countries 
in V/estern Europe. 

From another point of view, the Rhone H.iver plays an imoor- 
tant role ifi the sed i-nentation processes in the Gulf of Lions. 

® ,poc:e 


' is 
QUMUJj 
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FIRST PART 


II - PQ7..1.UTT 0.\ AT,.. S EA 

1 1 » i, - Industrial Waste ( £RTS 1075-9393) • •• 

The eiongatscl patch detected on this (A> Fig, 2) - ■ 

corresponds to a spill ox 3»000 tons of industrial x^aste froa a ship 
coming fro.m an Italian plant manufacturing titanium. This waste contains 
80% of liquids and 20 % of solid, residuum. The liquid part is made of 
solutions of ferrous and ferric o:^:ides» etc*, and of 330 ions' of sulfu- 
ric acid. The solid part contains mainly residum of titanium ore 
(iiinenite), vanadium (710 kg) and cadmium (30 kg). 

This waste was dumped on the surface of the sea with a 
flexible hose. Fields surveys and ground truth corresponding to this 
waste were conducted by Co-I organization ''Centre National, ‘pour l'E.;:pLoi! 
tation des Oceans"- • 

This aspect of the patch on the EfiXS image is certainly . 
due to the solid content of the waste. It is about 25 km long and, 200 
or 300 irr wide . The best detection is with band 4. 

A similar patch can be seen 35 km to the NE of the patch 
previously described* It possibly corresponds to another duraping. If 
this is the case, the very large white zone lying between this last 
patch and the Italian coast could possibly correspond to its progressive 
scattering towards the NS and N. The main .currents in this part of. the 
Mediterranean are shown on Fig, 3* 

>iany other ’’patches” can be seen on the surface of the sea 
on tl'.is EMTS i!:!age, but ve cannot say if they . co rrespond or not to - 
polluted areas. These patches may.be due to either a transport, of 
sediments ot- to a blurring by atmospheric haze - 

ORIGINAL RAGE IS 
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II .2 


Patches observed in front of ports 

oi the various patches observed in 
and Savona. If suninarizes the obser— 
iriagss . 


i>- August 72 

6 October 7 ^ 

7 October 72 

18 December 72 

10 ^!ay 73 ' 

The industrial waste described in paragraph II»l’is indicated 
in Fig* ^ (patch A). 

The large pa.tches indicated in Fig. 4 and riming along the 
coast appear nearly at the same location whatever the season may be 
from 13 August 72 until 10 May 73* They are certainly not related tp-.-.;- 
atuiospheric effects since they always disappear on the coast, itself. ■■ y ■■ 
Some patches never reach the coast. * v 

Meanwhile it is difficult just from studying these images . • 
to assess the presence of pollution. These patches may be due to either- ' 
effluents coniihg from the industrial ports (La Spesia, Genoa, 

Savona, etc.)’ or to terrigenous outflows coming from river basins- • • 


- 1021 - 

9383 

(1075 - 

9390 

{1075 - 

9393 

(1076 - 

9445 


9451 

ll 4 S - 

9453 

1291 - 

9393 


Fig. 4 shows a sketch 
the Italian Gulf between Livoi'no 
vations made on 7 different ERT 5 


The elongated patch south of S-avona was observed only on 
the 12--I8-72 frame « It seems to be smoke from a power plant. 


No xlelcl check was made on thi:^ none. QKIGINAL PAG E ^ 

. 0 F 'P(X)B QGALrri. 

Pollution often appears in Fos. an industrial port W of 
Marseilles (France) but its study. 17 diizLcult with i'-UTc because it 
not extend far enough offshorvO , It is rv.ore nasily detected with 
- ---j. •■-■•r . 





Pnlnialls and, rae t eoi’o log i oai conditiona .siioLiid. be studied, 
in detail on the sone,. but up.xortunately cornuiercially available meteo 
rological napa are compiled on too general a basis to be useful for 
solving this problem. 

f . * - 

figures !3 and 6 shov/ these neteorological maps for October 
and 1972. . . ‘ , 
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^>-g.r.ple of "Poliutior^^ fin a Broad S^n^c-) ^hp- 

Var River 

The studied sone is shown in Fig., 7 at a 1:200, OOOch scale. 

*. 4 €-.iCu x-.iv i-ei cl’ vTi: i Ci'i - has ■’ been ve i ar* 'wi til 
and frequented by tourists for a long time. The Var River reaches' the 
sea near the Nice Airport, 2 kilometers west of the city. 


Fig. S is a sketch compiled from 


• rvio, images 


19 

Sept. 

72 

CO 

IC^ 

o 

t-H 

- 9430 

7 

Oct . 

72 - 

10/6 ~ 

- 9451 

6 

Jan . 

73 - 

1167 - 

- 9512 

1 

March 

73 - 

122a - 

■ 95x5 


^fSS hand 4 clearly shows that the area located on the sea 
between Nice and Cap d'Antibes in all cases is covered’ by sediments 
coming from the Var River. 

Fig. 9 is a chart where directions and speeds of winds are- 
plotted at some dates corresponding approxi;nately to the time during ' 
which the ERTS images, mentioned above were taken. These data were 
recorded at Toulon, about 110 kilometers West of Nice. This chart shows 
that rainfalls were almost inexistant between Sept. 72 and March 73 . ‘ 
Winds blew alternately from the iW and ENE, sometimes from the West " 
and East. The studied ERTS images show that in each case the sediments 
of the Var River always spread on the sea West of Nice, between ' Nice: 
and Cap d'Antibes, 12. kilome uers towards the SW, ' 


It xs tnought that this example is good proof of the useful- 
ness of SRTS periodic, coverage for pollution and sedimentary- studies. 
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SECOND PART 


III - MULTISPECTRAL CLASSIFICATION OF WATER 


Pai'-fc of an EHTS linage ( 1 1-87- 100-5 ) haa b&sn selected for 
mul t ispectral ci ass if icat ions * The studied zone is located in the r 
northeastern part of this linage and includes the Western part of the • 
Rhone Delta, the swanjpy Camargue region .and the main, coastal lakes on 
the Lanquedoc-Roussiilon Mediterranean Coast. 


Two different numerical classification techniques -have 


been used. 


a) a so-called ’’adaptative method*' which makes use of statistical 
analysis. 


b) a classification method using principal component analyai^i- 
( unsupervised method) . ^ 

OEIGINAL :PAGE -is -■ 
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SXE.i-— Adaotative method 





This method makes use of statistical analysis. It cons 


in classifying samples according to various distribution laws- that ar^.':iT 
taken, from the image itself. There is no need to de fine • computer ^ 
x:raxning areas as xs the case with other methods ♦ As a point of 
ture the computer is given solely the coordinate of several points t 
located in the area.s to be classified (a priori classes). Around each " 7 .-; 
initial pixel and on a total number of pixels (400 for example) that :,F,h 
may be set at v/iil, the- computer searches for the- neighboring pixels ' . . 
that may be taken together to make up a homogerseous -zone, i . e -pixels-: 
that obey the same law of distribution. For s. given class this law is 
often a Gaussian law. The coniputer. may possibly select a. certain number, 
ot drljacent points, or else it may skip some of them if they do not 
have the same statistical properties. A giv-ari class' Is retained' only 
if its ,.v V. r I'.c '.:i I re obeys a certain la.’/. For exar:pie a, class is ret^iine'd 

















ii 


,oint in thi:. statistically has 3 neighbors belonging 


orUy if «^ach 

fco the sane class anong the 9 nearest neighbors. The cocputer progran ■ 

(3 for example). The aim of each new iteration 
fter the jn f-v'i i-.i;s xteration . ■ ■ • • 


.r^akes seraral iterations 
is to classify the blanks remaining aite 


For each ^ homogeneous .class retained, the probability density 
functibri' d(x) ' is ob fcairieci' by the foxTovIag formula; ■ 


- 1/2 X 

: Det V 


( 2 TT) 




v;hers k ^ 4 for an MSS imags » 


X 


X vector corresponding to the amptitud^s of a giyen point, 

X. 


s 


'3 " ■ 
'4 ’ 


X* = transposed vectof of X. 

V - cova-iance matrix of the class. ORIGINAL PAGE g 
V cova- xa* QUALira 


.-1 


=! inverse matrix of V. 


In six 'a 'priori test zones were selected by hand - 

in the first iterabibn.' 

First zone : in the center of the Vacenres lake- ^ . 

Second -^ono : on littoral barrier' baaches corresponding to a former 
tlhons delta. • 

Third. zone : in' a swani?' to the -east of Vaccares lake- 

Fourth zone : in a swamp to the' vest of V'accares lake. ■ . ' 

Fifth zone : ih a‘ cultivated area. i ' 

Sircth zone : on sea. ■ ' 

After the first' iteration, the 6' classes ss lected .were , 

_ i 1 I "’‘ncia >'^if led (blank zones) -' 

mapped but large .area:. -L.cia->- 

of 3 iterations: -7 other clai^ses ? ro aii toma" ^ 

,,, . . V T *, ,-J L f e rent .a-lasae-s are 

cai ; y , sa- :?ctec by x.r.e conpu,--;, an., -■ - - • 

fti-apped 'o:-‘ rho fin-al rosul'c trig. ''-I > » 
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J.i- be poi.fi out that in tin; o- *- i 

..pocLraL c i as>= if ica Uo ny , the statistical lavy for each class are vorjr 

ibservcb in tcrrair. classification. 


oreciso ; fch it> is not gor.urt 


, 1 1 V o 1 


XI I. .2 


•ineipal coHyponet 


•nts analysis 


Fin. •'14 shows the classification obtained on 'the sa;ne zone 


bv or 


inc ieal conpouent analyst 


With this tiethod .there is no tiecd to' select test oxtes - 
in the four-din, ensiorial space corresponding to the four vave lengths, 
the coaputfer itself defines the' "volumes" characterising the different 
classes of objects present on the image. In our e;ta.-aples we found that 
about 97?; of the total information on the four ERTS spectral bands .. 
■could be represented on a plane, that is to say. with only two principal 
components.. The different "volumes" of the .4-dimen3ional space mentione'd 
above are projected onto this plane (Fig. 12). It then .becomes relati- 
vely easy to separate the. different classes of objects in this plane, , 
either by hand or automatically. Six different. classes of water are 
indicated in Fig. 12- The different computer training areas were taken' 

■ as fo'llows CX"ig- " 13 /* 




Class 

1 : 

xn; 

C 1 ass 

'y ; 

in 

Class 

3 

o'n 

C .1 a 3 s 

4' 

o'n 

Class 

5 • 

on 

Class 

& ■; 

a- 

a*- 


off Grau d'Orgoa. 


in t.iic sout.Iiv&3‘i-d'n. part. oi. . ■ itnagsi - 

i t as (no:l to is 


The location of these different test 
indicated on Fig. 13- 


Is '.verc uy.ed fo'c "cbo 


/-T "5 


leL'inicion. of thace' o diix 

sear, on the -jro j'ection 


30 .G .pxxois 

cloy--'"- ■' Tbni oro j act io ?!' o.C T-b.ese y.niv.ples c..an b 

■T-.' that ’he c I 03 ? os ^ hre '.:i s t Lvic t . 


r-.ne Flg\ 13 - It clearly 






























On ths ssa, both fnethods giva sirailar resnlta. For exanplo , 
liver outflow is clearly detected along the coast in the ■ 


Field surveys are planned in order to interpret these _ , 

different- results ;but it nay already:- be thought that the different 
«ater- Clasi>e 5 -detedted ' in the coastai: lakes often correspond to -1- J | 
diff erent 'atgiic- concentrations . V. ••''V-I 
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IV - conclusion; 


Tl-rres types of poliution are discucsevi ir. tne fi.rs^,pari 


. 1 )'.- Industrial: vaste poured into tho’sea from a ship. 

2) •Xompiei-poi'i (in a broad sense) oif ' industrial 

'' ' • 3 ): Poliution'(in abroad sense) by . rivers . ''' v,;-:. 

-h; From these examples it can be ' concluded that ERTS ' is a- ;■ ■ 

useful 'rarnote'sensbV'^ detecting" such -types’ of- pollution if tfiei-r ^ 

extent is large enough. 

In the first case,, the location and tine of dumping are not 
known. Therefore only Inrgo patches, about 3 or , 4 ko- long and or- 

500 t!i wide, can be sensed. The pouring ship itsoll' has never beerr 

detected * 

The two other cases correspond to a systematic poLlutiori at 
a well known location. Smaller patches can be detected and ■studied.: 

In all. cases repetitivity of the imagery ■ is, essentia.r for 
the study of pollution. , ~ 

The ability of ERTS has now been tested- In the future, 
it will be necessary for an operational po I iution ^surveil lance’ 
an lniag^°be taken at each pass ox the 3atoiiite”/“'^-t!>'= studied zones. 


:ornpuT:er r 


Some examples of water mul tispactral classification's by_ 
nrocessing are ' discussed in the second part of this report. 


The computer prog 
MMC 009 -Ciy> , seen 


grams pracedantly tested for tarrax n . mapping (project 


well adantea to wa 


water cl.esslfication- 


A complete interpretation of. the maps ■ obtained on co-astal 
1 -.'--^ and at -a is still in .;.roc- 5 ^s bat ic 'seems already obviapa baa' 

h., T t - ‘••overage, t .3 an Irreol -ice ab Id tool 


Is kl-id af study^ 
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